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® Fumaglllln as anglostatic agent 



g® Fumagillin and its salts have an angiogenesis inhibiting activity and are useful for prophylaxis and treatment 
of diseases induced by abnormally stimulated neovascularization. The invention also provides certain phar- 
OTmaceutical compositions comprising fumagillin or its satt, and an agent which potentiates angiogenesis Inhibition 
w^such as heparin and sulfated cyclodextrins such as beta-cyclodextrin tetradecasulfate. 
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Angiostatin 



■ H ^^ K '"T* *° °' prophylaxis or treatment of angiogenesis-related dise««, 

mduced by abnormally stimulated neovascularization In mammals. The invention Trrlfi! . 
Pharmaceudcal composidons comprising h^magillin and potentiators of aigtogrs" """" 



Background of the Invention 



The realization that tumors, as well as many non-neoplastic diseases, are angioganesisKleDendent h« 
led to a search for angiogenesis inhibitors that might be used mera^acTfsrTo j Sl^^ 




Summary of the Invention 



The present invention relates to the use of the fumagiilln. obtainable from Asoeraillus fumioatu* « ,n 
angiogenesis inhibitor. Fumagiilln show, strong angiogenesis Inhibitory acSitySSe^S^mt" 

n71 SriiV? '"".'^ """r*"^ '"S'^S*""" '"^"-^'"9 diabeac re^op^tS^J^^^^^^^ 

and the l,ke. The present invention also relates to certain phamiaceutlcal compositions comprisTno 

Brief Description of the Drawings 
i^g. 1 illustrates the inhibition of neovascularization stimulated.by bFQF by treatment with fumagiilln in 
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accordanc with the rat corneal micropocket assay, whrch is disclosed in detail in Exampj 4. 

Detailed description of the invention 

related diseases .n mammals. The method, in its simplest form, comprises admlnisterir,g to the mammal^ 

ll^rj^Ll^r'"" "'Z P'^^-^'^^'^^'y -=ceptable saif thereof. The invenio also"ro>ie" 
certain phamiaceutlcal compositions comprising fumagillln or its salt, and an agent which oolentlates 
angiogenesis inhibiBon such as heparin and sulfated cyclodextrins such as beta^yLe^ .eScat" 

In accordance with the present invention, fumagillin has been found to be a strong inhibitor of 
angK.g8n9sis m mammals In treating angiogenesis-related diseases an effecth^e amount of the free form, or 
a alt of fumagii^ may be used. As the salt, inorganic salts such as alkali metal salt. e.g. solium saS 
potassium salt, alkaline^arth metal salt. e.g. calcium salt and ammonium salt are preferred 

On the basis of its strong angiogenesis inhibitory activity, fumagillin and its salts are particularly useful 
2.d cScC. °' °' <^«""^toiogy. pSdraScfsurge^J 

Hi,hI5!'' l!""^^!!'" i'' "'^'^ "'^"^ prophylaxis and/or treatment of neovasculariiation in 
diabetic retinopathy, retroiental libnDplasia. corneal graft neovascularization, neovascular glaucoma ocil^ 
tumors, and frachoma; demiatologicaJ psoriasis and pyogenic granuloma; childrens hemangioma an- 
giofibroma and hemophiliac joints; and hypertrophic scars, wound granulation, vascular adhesions, rheuma- 
toid arthnas scleroderma and atherosclerotic plaque. Among these diseases, fumagillin and Its salts are 
25 especially effective against diabetic retinopathy. 

The use of fumagillin in accordance with the present invention has been found to be low in toxicity and 
IS safely administered orally or parenterally to mammals (e.g. rat rabbit monkey, man) in form, of eg 
tablets, granules, capsules, ihjectable solutions, topical creams, and eyenirops 

™„/J?r,nn '^"1'"' retinopathy for example, fumagillin is administered orally in an amount of from about 1 
mg/kg to 200 mg/kg per day. preferably in an amount of from about 2 mg/kg to 100 mg/kg per day For oral 
administration. S mg to 100 mg of fumagillin or its salts may be formulated as a tablet or a capsule together 
withapharmaceutically acceptable carrier, diluent Of other suitable vehicle. 

Fumagillln may also be administered subcutaneously or intravenously in an amount of from about 0 i 
mg/kg to 20 mg/kg per day to an adult in the fomi of a pharmaceutical acceptable composition. Preferably 
It IS administered in an amount of from about 02 mg/kg to 10 mgrtcg per day. The preferred form of 
fumagillin for intravenous administration is as a sodium salt 

Fumagillin may also be administered topically. For example, to treat eye-related angiogenesis diseases 
fumagillin. especially as a salt may be administered in the fomi of eye-drops. One to a few drops per dose 
IS administered to the eye with a frequency of 1 to about 4 times a day according to the patienf s condition 
Preferably, the eye-drops are prepared by dissolving a fumagillin salt in distilled water to make a 
concentration of 0.001 to 3% (w/v). The solution also preferably contains an isotonizing agent, a preserva- 
tive, or a thickening agent and is adjusted to a pH of from about 5 to 9. 

nnJl^"*"'*.'** ^ » 'hat certain ag nts 

potentiate the angiogenesis inhibitory activity of fumagillln. Such agents include heparin and a group of 
compounds known as sulfated cyclodextrins. v w 

Heparin, an alpha, beta glycosidlcaUy nnked highly sulfated copolymer of uronic acid and glycosamine. 
has been used clinically as an anticoagulant for half a centuty. Despite its Importance and widespread us 
both tiie exact structure of heparin and ttie precise nature by which it acts in blood anticoagulation hav not 
been discovered. Much of the difficulty in determining the structure of heparin results from the fact that It is 
= non ^l^'^^^nH^nZf^^^^ substance. Heparin is polydisperse with a molecular weight range from 
5.000 to 40.000. Within a given chain, there are structural variations such as ttie varying degrees of 
sulfation. N-acetylation and C-5 epimerization In tiie uronic acid residue. 

Cyclodextrins are natural cyclic compounds consisting of six (alpha), seven (beta) or eight (gamma) D- 
glucose units. It has a donut-shaped molecular stnjcture which provides a cavity whereby clathrates may 
form with guest molecules of suitable size. The interior of the cavity consists largely of uniformly spaced 
bndging acetal oxygen atoms. One end of the cavity is edged with -CHjOH Groups (one per glucose unit) 
and the other rim is similariy edged wHh secondary -CHOH Groups. The cavity contains water molecules 
hydrogen bonded to the interior oxygen atoms. 
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The alpha, beta, and gamma cyclodextrin sulfate salts are all usable as potentiating agents of fumaglllm 
in accordance with the present invention. Beta-cyclodextrin salts are such as beta-cyclodextrin t tradecasul- 
fate are preferred. 

As discussed in more detail below, the angiogenesis inhibitory activity of fumagillin is markedly 
potentiated by sulfated polysaccharides such as heparin and beta cyclodextrin tetradecasulfate. 

Thus, such agents may be used in conjunction with fumagillin in the prophylaxis or treatment of 
angicgenesis-relaled diseases. As the skilled artisan will appreciate, the relative amount of such potentiating 
agents to fumagillin may vary depending on a number of factors, including the patient's condition and 
administation route. In general, the ratio of potentialing agent to fumagillin by weight is between about MO 
to 30:1. preferably from about 1:3 to 10:1. 

The invention will be further Illustrated with reference to the following examples which will aid In the 
understanding of the present invention, but which are not to be construed as a limitation thereof. 



Example 1 



ShelMess Chorioallantoic Membrane Assay 

The shell-less chorioallantoic membrane (CAI^) assay was cam'ed out by the method of Taylor and 
Folkman (S. Taylor and J. Folkman; Nature, 297. 307 (1982)) with a slight modification as follows: 3-day s 
chick embryos were removed from their shells and cultured in plastic cups on hammocks of plastic wrap. 
The sodium salt of fumagillin 10 ug. along with acidic F(3F 200 ng (bovine brain, R&D Systdms, Inc.), and 
methylcellulose 30 ug (Rsher Scientific Co.. 4000 centipoise) was placed on plastic disks (polypropylene, 6 
mm In diameter). After the solution had dried, the disks were placed on the CAlU of 10-day embryos. Thre 
days later, inhibition of neovascular formation by fumagillin was observed under a stereoscope (X 20. SMZ- 
10. Nikon), and compared to the control disk containing acidic FGF 200 ng as a stimulant of angiogenesis 
and methylcellulose 30 ug without fumagillin. Fumagillin showed angiogenesis Inhibitory activity by the 
CAM assayCTable 1). . 



Table 1 



Angiogenesis inhibitory activity of fumagillin 




by CAM.assay. 




Number of disk showing 




angiogenesis Inhibition/number of 




disk tested 


Exp. 1 


3/3 


Exp. 2 


2/6 


Exp. 3 


6/9 



Example 2 



ShelMess Chorioallantoic Membrane Assay 

The shell-less chorioallantoic membrane (CAM) assay was canied out by the method of Folkman et al. 
{R.Cnjm. S.Szabo and J.Foikman; Science. 230. 1375 (1985)) as follows: three-day chick embryos were 
removed from their shells to petri dishes (Falcon 1005) under sterile hood and cultured for further 3 days. 

The sodium salt of fumagillin and/or sulfated polysaccharide {e.g. heparin, beta cyclodextrin 
tetradecasulfate) were dissolved to a 0.45% methylcellulose aqueous solution and aliquots of 10 ul were 
prpetted onto Teflon rods. After the solution had dried, the methylcellulose disks (about 2 mm In diameter) 
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containing test compounds, thus prepared, were implanted on the CAM of 6-day embryos. 

After cultures for 48 - 72 hours, formations of avasuclar zones around the disks were observed with a 
stereoscope. 

Percent of avascular zones was calculated by counting the disks forming avascular zones per the total 
5 disks te5ted. In each group there were 8-16 embryos. 

As shown in Table 2. Fumagillin showed strong angiogenesis inhibitory activity by the CAM assay 
Angiogenesis inhibitory activity of fumagillin was markedly potentiated by sulfated polysaccharides: heparin 
and beta cyclodextrin tetradecasulfate. Hydrocortisone does not potentiate and may suppress the effects of 
fumagillin. 

10 

Table 2 



Angiogenesis inhibitory activity of fumagillin and 
potentiation by sulfated pxslysaccharides. 


compound tested / disk 


percent of 
avascular zones 


fumagillin 


50 ug 


57% 


sodium 


40 ug 


72% 


salt 


30 ug 


62% 




20 ug 


66% 




10 ug 


75% 


fumagililn sodium salt * 


10 ug 


40 


hydrocortisone 


60 ug 


% 


fumagillin sodium salt > 


10 ug 


100 


heparin 


50 ug 


% 


fumagillin sodium salt 


5 ug 


40% 


fumagillin sodium salt > 
beta cyclodextrin 
tetradecasulfate 


5ug 
25 ug 


70 
% 



Example 3 



40 

Mouse dorsal air sac assay 

The angiogenesis assay by mouse dorsal air sac method (MOA) was canied out by ttie method below 
which is a modification of the original rat dorsal air sac assay devetoped by Folkman et al, (Folkman. J. et 

46 aJ.; J.Exp.Med..l33, 275 (1971)). Specifically, milllpore chambers, equipped wittt a millipore filter witii a pore 
size of 0.45 urn (Milllpore Corp.), were filled witti 5 x 10« sarcoma 180 cells in 0.15 ml of saline. The control 
contained the same volume of saline. 

Under Nembutal anesthesia, each mouse received both the control and the tumor cell-containing 
chambers in their dorsal air sac produced by the method mentioned atwve. Fumagillin was subcutaneously 

50 administered to tiie mice for 3 days after ttie day of operation as a solution or suspension in 0.5% arable 
gum dissolved in saline. Unless otherwise spedfled, fumagililn was given at a dose of 100 mg (10 miykg 
body weight Four days later, ttie mice were given an Intra arterial Injection of carmine-gelatin solution under 
Nembutal anesttiesia. and cooled on ice -for about 2 hours to let the gelatin<ontaining blood form gels 
according to ttie method of Wmura (Wmura, M. et aL: J. Pharmacoblol. Oyn., 9, 442 (1986)). The skin was 

55 incised widely over tiie chambers and Inner surface of tiie skin was exposed. The mouse fascia was 
observed under a stereoscope p<20; SMZ-10, Nik n). The anti-angiogenic activity of the compounds was 
evaluated by determining the extent of Oie tumor-induced vascular formation in mice administered tiie 
vehicle or the test compounds. 
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Tumor-induced vasculature exhibiting both coiling vessels and an increase of the vascular net 
defined as positive angiogenesis. 

As the results in TabI 3 show, fumagillin effectively inhibited the tumor-induced vascular formation. 

5 Table 3 



Inhibition of angiogenesis induced by 


tumor cells by fumagillin tumornnduced 


angiogenesis (positive mice/totai mice 


tested) 




vehicle (arable gum*saline) 


S6 


fumagillin treated (100 mg/kg. s.c.) 


0/5 



/5 



Example 4 

20 

Rat corneal micropocket assay 

The rat corneal micropocket assay was carried out essentially by the method of Gimbrone et ai. 

25 (Gimbrone, MA Jr. et ai.. J. Natl. Cancer Inst 52, 413(1974)). Corneal vascularization was Induced in adult 
male rats of the Sprague-Dawley strain (Charles River, Japan) by implanting 500 ng of basic FGF (bovine, 
R&D Systems. Inc.) impregnated In EVA (ethylene-vinyl acetate copolymer) pellets in each comea (n » 5)! 
On the same day, fumagillin (5 ug/pellet) was also impregnated in EVA and Implanted into the same comea 
between the FGF pellet and the limbus. Control rats received an Implantation of the FGF pellet and the EVA 

30 pellet without fumagillin. Neovascular formation was obsen/ed under a stereoscope (X20. SMZ-10. Nikon).. 
The extent of vascularization was graded from - to + + + (-, without neovascularization; + , positive 
neovascularization not yet reaching the FGF pellet ++. positive neovascularization reaching the FGF 
pellet; + + + , positive neovascularization surrounding the FGF pellet). 

As shown in Rg. 1, neovascularization stimulated by bFGF was effectively Inhibited by fumagillin. 

35 



Example S 



'to In a similar experiment approximately 10 to 16 chick embryos (age 6 days) were used to assay each 
concentration of fumagiinn substantially in accordance with the method described In Example 2. The 
fumagilfin was applied in a lOuI pellet to the chorioallantoic membrane with or without cyclodextrin. Forty- 
eight hours later, the percent of embryos with an avascular zone was recorded. The results are shown in 
Table 4. Unless otherwise Indicated, the avascular zones are 1+, e.g„ at least 2mm in diameter. An 

45 avascular zone of 2+ equals 4mm or greater in diameter, indicating very high activity. For example, 5ug of 
fumagillin produced 33% avascular zones. In contrast Sug of fumagiiln plus 25ug of beta<yclodextrin 
tetradecasulfate produced 100% avascular zones (ttie majority of which are 2+). Cyclodextrin (25ug) alone 
had no detectable effect Heparin also potentiates fumagillin, but It Is not as potent as beta-cyclodextrin In 
this respect (data not shown). 
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Table 4 



Fumagillln 


1 B Cycloddxtrin 


Percent 


ug/lOu! 


tatradecasuifats ug/IO 


Avascular 




ui 


Zones 


50 


0 


57% 


40 


0 


72% 


30 


0 


62% 


20 


0 


/9 /« 


10 


0 


75% 


e 
0 


0 


33% 


2.5 


0 


40% 


1 


0 


0% 


5 


25 


100% (2 + ) 


2.5 


25 


57% 


1 


25 


33% 


Fumagillin 


Heparin 




10 


50 


100% 



8 cyclodextrin alone « 0% avascular zones. 



Heparin alone = 0% avascular zones. 



Example 6 



30 



A pharmaceuticaJ preparation for use as eye^Jrops was prepared as follows: 



35 



fumagillin sodium salt 
boric add 
sodium borate 

p-hydroxy-benzoic acid methylester 
p-hydroxy-benzoic add proplonylester 




40 Sterile distilled water was added to total 1 liter. After sterilization by filtration, the solution was used as 
eye-drops. 



Example 7 

A phamiaceutical preparation for use as eye-drops was prepared as follows: 



fumagillin sodium salt 


50 


p^ydroxy-benzolc add methylester 


0.25 g 


p4iydroxy*benzolc add propionyleste 


0.15 g 


dibasic sodium phosphate 


4.g 


sodium chloride 


6.5 g 



55 

Sterile distilled water was added to totel 1 liter. The pH was adjusted to a pH 7.5. After sterilization by 
filtration, the solution was used as eye-drops. 
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Claims 

1. Us of fumagilltn or a pharmaceutically acceptable salt thereof for preparing a pharmaceutical 
composition for the treating or preventing of angiogenesis. 
5 2. Use of fumagillln or a pharmaceuticalty acceptable salt thereof in conjunction with an agent which 
potentiates angiogenesis inhibition for preparing a pharmaceutical composition for the treating or preventing 
of angiogenesis. 

3. Use according to claim 2 wherein tiie agent which potentiates angiogenesis inhibition is selected 
from the group of heparin and beta cyclodextrin tetradecasulfate. 
10 4. A pharmaceutical composition for the treatment of angiogenesis in mammals comprising fumagillin or 
a pharmaceutically acceptable salt thereof and an agent which potentiates angiogenesis inhibition. 

5. The pharmaceutical composition of claim 4. wherein tiie agent which potentiates angiogenesis 
inhibition is selected from the group of heparin and beta cyclodextrin tetradecasulfate. 
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Pig. 



1 



Anslogenesis (,96) 



50 



mm 



CP CP CP 
5 8 • 10 

C* d a. y s O 



□ i +, E3» ++, mt +++. 

o» Control (bFGF) 

pi Pumaglllln (bPGP + fumaglilin) 



